The Mhc is a highly conserved gene region especially interesting to geneticists because of the rapid evolution of gene families found within it. High levels of Mhc genetic diversity often exist within populations. The chicken Mhc is the focus of considerable interest because of the strong, reproducible infectious disease associations found with particular Mhc-B haplotypes. Sequence data for Mhc-B haplotypes have been lacking thereby hampering efforts to systematically resolve which genes within the Mhc-B region contribute to well-defined Mhc-B-associated disease responses. To better understand the genetic factors that generate and maintain genomic diversity in the Mhc-B region, we determined the complete genomic sequence for 14 Mhc-B haplotypes across a region of 59 kb that encompasses 14 gene loci ranging from BG1 to BF2. We compared the sequences using alignment, phylogenetic, and genome profiling methods. We identified gene structural changes, synonymous and non-synonymous polymorphisms, insertions and deletions, and allelic gene rearrangements or exchanges that contribute to haplotype diversity. Mhc-B haplotype diversity appears to be generated by a number of mutational events. We found evidence that some Mhc-B haplotypes are derived by whole-and partial-allelic gene conversion and homologous reciprocal recombination, in addition to nucleotide mutations. These data provide a framework for further analyses of disease associations found among these 14 haplotypes and additional haplotypes segregating and evolving in wild and domesticated populations of chickens.
T he Mhc is a genomic region that encodes molecules that provide the context in which T cells recognize foreign Ags and it is found in all but the most primitive vertebrates (1) . Although polymorphism is a prominent, commonly encountered feature of the Mhc, presumably as a result of pathogen selection, it is generally difficult to find associations between Mhc polymorphism and infectious disease outcome. In this regard, the chicken Mhc-B region is the exception. Strong, reproducible associations exist between Mhc-B haplotypes and their response to diseases caused by several different pathogens (2) (3) (4) (5) (6) . The chicken (Gallus domesticus) Mhc region is divided into two major parts, linkage group B (Mhc-B) and linkage group Y (Mhc-Y) (7) . Mhc-B
and Mhc-Y are inherited independently of each other even though they are physically linked on microchromosome 16 (GGA16) (8 -11) . However, it is Mhc-B rather than Mhc-Y that has been most strongly associated with diseases caused by infection with several different pathogens. Presently, disease associations are defined at the level of the Mhc-B haplotype. The contributions of individual loci are undefined (12) (13) (14) . The highly polymorphic nature of BF, BLB, and BG genes and high linkage disequilibrium that exists within this "minimal essential" Mhc (15-17) present obstacles to associating individual genes with disease responses.
Some Mhc-B haplotypes appear to have participated in past recombination events and to share alleles at the BF and BLB loci, whereas other haplotypes are closely related to one another when defined serologically, but perhaps have diversified by mutational changes or gene conversions (7, 15, 18) . The result of a comparative study of two classical class I loci, BF1 and BF2, using seven Mhc-B haplotypes has implied that the two genes were generated by two different evolutionary processes, drift and selection, respectively (19) . Thus, gene diversities have been reported on a restricted number of genomic segments and haplotypes, but comprehensive haplotypic DNA sequence information for the Mhc-B region has been generally lacking. Clearly, haplotype diversity information is still required to find answers to the basic questions such as why some infectious diseases are linked to the Mhc-B region and which molecular mechanism(s) generate and maintain diversity within the Mhc-B region.
To better understand the genetic factors that generate and maintain genomic diversity in the Mhc-B region, we determined the complete genomic sequence for 14 genes (59 kb) within the chicken Mhc-B region (59 kb, 14 genes) for 14 Mhc-B haplotypes. We elucidated the major molecular and evolutionary mechanisms that have contributed to haplotype diversity by comparing gene structures and polymorphisms among these Mhc-B haplotypes.
Materials and Methods

DNA samples
Genomic DNA samples were extracted from chickens in inbred or congenic lines or from homozygous chickens that were members of fully pedigreed families within closed lines in which known B haplotypes segregate. Fourteen standard Mhc-B haplotypes, distinguishable by serology and microsatellite typing (20, 21) , were represented as follows: B2 Line 6 3 (Avian Disease and Oncology Laboratory (ADOL)), B5 Line15.15I-5 (ADOL), B6 Line GB-2 (University of Georgia), B8 Line Wis 3 (Northern Illinois University), B9 Line GVHR-HG (Hiroshima University), B11 Line Wis 3 (Northern Illinois University), B12 Line C (ADOL), B13 Line15.P-13 (ADOL), B15 Line RPRL-15I 5 (Hiroshima University), B17 Line UCD003 (University of California, Davis), B19 Line P (ADOL), B21 Line N (ADOL), B23 Line UNH105 (Northern Illinois University), and B24 Line UNH105 (Northern Illinois University) (7, 20, 22) . The B8 and B11 haplotypes were derived from the Ancona breed and the B23 and B24 haplotypes were derived from the New Hampshire breed, whereas all others originated from White Leghorns (20) . From the serological typing of the B haplotypes in 1982, B2, B5, B6, B12, B13, B15, B19, and B21 are commonly encountered haplotypes and B8, B9, B11, B17, B23, and B24 are rare or low frequency haplotypes (21) .
Long-range PCR (LR-PCR) 4 amplifications and sequencing strategy
Twenty pairs of primers were designed with the assistance of Primer Express software (Applied Biosystems) for long-range PCR amplification of 14 expressed genes embedded within the 59 kb the chicken MHC-B region, ranging from BG1 to BF2 (Fig. 1) . In brief, the 20-l amplification reaction contained 100 ng of genomic DNA, 1 unit of TaKaRa LA Taq polymerase (TaKaRa Shuzo), 1ϫ PCR buffer, 2.5 mM MgCl 2 , 400 M of each dNTP, and 0.5 M of each primer. The cycling parameters were as follows: an initial denaturation of 98°C/1 min followed by 30 cycles of 98°C/10 s and 68°C/5 min. Alternatively, the 10-l amplification reaction contained 100 ng of genomic DNA, 1 unit of KOD-plus-DNA polymerase (Toyobo), 1ϫ PCR buffer, 1 mM MgSO 4 , 200 M of each dNTP, and 0.5 M of each primer. The cycling parameters were as followed: an initial denaturation of 98°C/1 min followed by 30 cycles of 98°C/10 s and 68°C/3 min. The LR-PCR size is 3,565 kb on average and ranges from 899 bp to 5,771 bp (Supplemental Table IA) . 5 Direct sequencing was performed using the ABI Prism BigDye Terminator Cycle Sequencing Kit with AmpliTaqDNA polymerase (Applied Biosystems) and 355 custom-designed sequencing primers (Supplemental Table IB ). Reactions were run on ABI 3130 sequencing systems (Applied Biosystems). Gaps or areas of ambiguity were resolved after sequencing subcloned material (pGEM-T vector system, Promega). Assembly and database analyses were performed manually and using computer software following previously established procedures (23) .
Sequence analyses
Nucleotide similarities among the sequences were calculated by using the GENETYX-MAC software ver 11.0 (Software Development). Multiple sequence alignments were created using the ClustalW Sequence Alignment program of the Molecular Evolution Genetics Analysis software (MEGA4; Ref. 24) . The phylogenetic trees were constructed by the neighbor-joining method provided in the MEGA4 software. The nucleotide diversity profiles were constructed after determining the percent nucleotide differences using DnaSP software Ver. 4.10.9 (25) between different paired combinations of the B haplotype sequences for a sliding window of 100 bp with 10 bp overlaps. The diversity profile was then drawn using the graphics output of Microsoft Excel. All insertions and deletions (indels) were removed from the alignments to standardize the number of nucleotides examined within each window. Nonsynonymous to synonymous substitution ratios (dN/dS) were calculated by the Nei and Gojobori method (26) with the P-distance parameter in the MEGA4 software. Fig. 2 shows the gene organization and the shared alleles for the genomic DNA of 14 serological Mhc-B haplotypes (ten from White Leghorns, two (B8 and B11) from Ancona breed, and two (B23 and B24) from the New Hampshire breed) that were sequenced directly by using LR-PCR amplified products. The total length of the sequenced nucleotides per haplotype was 58,972 bp on average and ranged from 58,187 bp for B12 haplotype to 59,621 bp for B13 (GenBank Acc. Nos. AB426141 to AB426154). All Mhc-B haplotype sequences have 14 gene loci including some duplicated gene pairs, such as BLB1 and BLB2 or BF1 and BF2, but without the extensive gene duplications that were observed in quail orthologous region (27) . The overall 10.7 kb of overlapping sequence had no nucleotide differences establishing our LR-PCR sequencing approach provided as high quality sequence data and confirming that the DNA samples were from Mhc-B homozygous animals. 4 Abbreviations used in this paper: LR-PCR, long-range PCR; indel, insertion and deletion; dN, nonsynonymous substitution; dS, synonymous substitution; SNP, sequence diversity. 5 The online version of this article contains supplemental material. 
Results
Sequence information for 14 Mhc-B haplotypes
Genomic sequence diversity (SNPs and indels) within the
Mhc-B region
To investigate the contribution of nucleotide insertions and deletions (indels) to the Mhc-B haplotype genomic diversity, we used the computer program CLUSTALW to construct and compare a 61,046 bp alignment composed of the 14 haplotypes. We found 3,419 indels across the aligned sequences with an average indel number of 5.60 per 100 aligned nucleotides (5.60 indel%). Numerous indels were observed particularly within the introns and exons of BG1, DMB2, and TAP2 and around their intergenic regions (Fig. 3) . From the alignment, structural differences were also observed at eight locations of four gene loci, BG1, TAP1, BLB1, and DMB1 (Fig. 4) . In BG1, these differences result in five BG1 alleles (B2, B6, B12, B19, and B24) with 16 exons, while other alleles have 19 (B5 and B15), 20 (B8, B9, B11, B17, B21, and B23) and 28 exons (B13). These indels result in coding sequences length variants from 954 to 1,281 bp (Fig. 4A ). In TAP1 exon 11 in B12 and B19 haplotypes (TAP1*B12 and TAP1*B19) are composed of 249 bp, but those in the other haplotypes are 228 bp (Fig.  4B ). Single nucleotide deletions appear to have caused frame shift mutations in exon 1 of DMB1*B15 and DMB1*B23 and in exon 4 of BLB1*B23 (Fig. 4, C and D) . Fig. 3 shows the average variation and the positional distributions of the total SNPs, SNPs within loci, coding SNPs, and the non-synonymous coding SNPs for the 14 chicken Mhc-B haplotype sequences. Of the aligned 57,627 bp sequences excluding indels for each haplotype, 2,737 SNPs were counted, i.e., 4.48 SNPs per 100 nucleotides (4.48 SNP%) with an average pair-wise (normalized) SNP% of 1.36%. Of the 2,737 SNPs, 1,168 were singleton SNPs, i.e., the nucleotide substitution was present in only one of the 14 haplotypes. The singleton SNPs ranged from none in B12 (relative to itself as the control haplotype) to 176 in B15 (83 SNPs on average). Of the 2,737 SNPs, 1,705 SNPs were located within the 14 gene loci with an average SNP% of 4.36% and a strong regional bias (Fig. 3) . The greatest overall sequence diversity was observed in the polymorphic loci BF2, BF1, BLB1, and BLB2 where the SNP% was 10.37, 9.07, 7.39, and 6.67%, respectively (Table I ). In comparison, the well-conserved SNP% at the four loci of Blec2, BRD2, DMA, and DMB1 were 2.76, 2.26, 2.90, and 2.82%, respectively (Table I ). The relatively high levels of diversity observed for some of the genes correlated directly with the 334 synonymous (dS) and 487 non-synonymous (dN) SNPs (Table I ). The dN/dS was Ͼ1 (1.2723 to 7.0698) for Blec2, BLB1, BLB2, and BF2 (bold letters in Table I ). A more intermediate dN/dS was found for BG1 (0.8784) and BF1 (0.7650). The lowest dN/dS levels were found in the BRD2, DMA, and DMB2 (Ͻ0.1) and TAP1 (0.1452) genes. The remaining genes, Blec1, TAPBP, DMB1, and TAP2, had moderate dN/dS ratios of 0.2519 to 0.3109. When comparing the B21 haplotype that is associated with Marek's disease resistance with the haplotypes associated with greatest susceptibility (B5, B13, B19) we found 216 SNP differences (13, 28, 29) . Fifty-two of these are within the coding sequences of the 14 loci. Eighteen of these are nonsynonymous SNPs. Ten result in switches in amino acids from one class to another class (Table II) . The B21 haplotype may be quite stable. The B21-like haplotype of Red Jungle Fowl (30) and the B21 haplotype from Line N used in this study differ by only eight nucleotide substitution differences and four indels.
Phylogenetic analyses of haplotype DNA sequences and gene loci
To elucidate the evolutionary history of the Mhc-B haplotypes, we constructed a phylogenetic tree using the 57,627 bp (indel free) aligned sequences for each haplotype (Fig. 5) . This tree shows large genetic distances between most haplotypes. Aside from two lineages B12 and B19 and B5, B8, and B11 (marked by dots in 5 ), the haplotypes do not have the close phylogenetic relationships with each other as would be expected if they had evolved from a common ancestor in relatively recent times. Indeed, the phylogenetic topology revealed three ancestral lineages, A1 to A3, for the ten haplotypes. The haplotypes B8 and B11 of the Ancona breed grouped in the A1 lineage with Leghorn B5 and the haplotypes B23 and B24 of the New Hampshire breed grouped with the A2 and A3 lineages rather than in a separate lineage. The haplotypes with the greatest sequence similarities, B8, B11, and B5 in the A1 lineage and B12 and B19 in the A2 lineage, are likely to have arisen more recently.
In the phylogenetic trees constructed for each gene locus, allele sharing was frequently observed across haplotypes. The number of allele-sharing loci ranged from two loci shared between haplotype B13 and other haplotypes to the 13 loci shared between the highly similar B8 and B11 haplotypes ( Fig. 2 and Supplemental Fig. 1A ). Allele sharing was observed at a total of 197 locations for 82 combinations (2.4 allele shared locations/combination). All haplotypes, excluding B13, had an allele shared with 12ϳ13 other haplotypes. B13 shared only a BLB1 or DMB1 allele with four other haplotypes (Fig. 2) . The alleles of the Ancona breed (B8 and B11) and New Hampshire breed (B23 and B24) were shared with the alleles of at least nine haplotypes of the White Leghorn breed, indicating their relatively close evolutionary and genetic relationships.
Phylogenetic analysis of allele sharing at each locus (Supplemental Fig. 1A) showed that the haplotype pairs B8 and B11 and B12 and B19 shared identical sequences at eleven and nine loci, respectively (Fig. 2) . In addition, haplotype B5 shared the same sequences with haplotypes B8 and B11 at seven and eight loci, respectively (Fig. 2) . This wide-ranging allele sharing is reflected in Fig. 2 and in the phylogenetic tree in Fig. 5 . Thus, it appears that the Mhc-B haplotypes B5, B8, and B11 and the Mhc-B haplotypes B12 and B19 have stemmed from earlier ancestral haplotypes and were generated initially by homologous recombination with a breakpoint occurring between BG1 and Blec2 for B8 and B11, between BLB1 and TAPBP for B5, and between TAP1 and TAP2 in the separate lineage providing B12 and B19. The absence of identical gene alleles at the BLB2 and the BLB1 loci of the almost identical B8 and B11 haplotypes suggest that gene conversion events have occurred at these loci.
Homologous recombinations and allelic gene conversions
To examine the haplotypes for additional evidence of balanced homologous recombination (chromosomal crossing-over at meiosis) and allelic gene conversions, we constructed a total of 91 genomic diversity profiles for all of the Mhc-B haplotype combinations, and identified the locations and ranges of homologous recombinations and allelic gene conversions (Supplemental Fig.  1B ). Four of these diversity profiles for the paired haplotype combinations B5 and B8, B5 and B11, B8 and B11, and B12 and B19 illustrated in Fig. 6 reveal the likelihood that homologous recombination traits (crossing over) and gene conversions or gene exchanges at various loci contribute to haplotype diversity. The SNP% for the haplotype combinations of B5 and B8 and of B5 and B11 are relatively high (1.37 to 1.38%) in the 18.2 kb segment between BG1 and BLB1 and low (0.21 to 0.07%) in the remaining 41.7 kb segment from TAPBP and to BF2. As illustrated in Fig. 6 , this suggests that crossing over occurred within the 3Ј-end of the TAPBP gene so that the remaining portion of the B5 haplotype shares sequence with B8 and B11 throughout including the BF2 gene (Fig. 6, A and B) . The SNP% for the B12 and B19 haplotype pair was 0.09% in the 54.3 kb segment between BG1 and TAP1 and 3.62% in the 5.7 kb segment between TAP2 and BF2, revealing an apparently common genomic segment extending from the BG1 gene to exon 6 of TAP2 (Fig. 6C) .
In addition to providing evidence of homologous recombination, 73 diversity profiles distinctly displayed evidence for a variety of allelic gene conversions traits ( Supplemental Fig. 1B) . These are summarized in Table III . For example, the distinct B6 and B8 haplotypes have a perfectly matched 2.6 kb segment including the BLB1 gene, but a marked diversity of 1.38 SNP% across the remaining 56.7 kb of aligned sequence (Fig. 6D) . Similarly, whereas the B8 and B11 haplotypes are almost completely identical across 49.5 kb of genomic sequence (0.006 SNP%), they have markedly different gene alleles at BLB1 (2.2 kb) and BLB2 (3.2 kb) with a 2.64 SNP% and a 2.20 SNP%, respectively (Fig. 6E) . These diversity profiles are consistent with gene conversion leading to the allele sharing distributions suggested by the phylogenetic analyses in Supplemental Fig. 1A .
To look further for evidence of whole or partial allelic gene conversions, we used 91 pair-wise diversity profiles (Supplemental Fig. 1B) , and found perfectly matched allele shared segments of Ͼ2 kb at 32 locations (Table III) . The whole-allelic gene conversions were identified for Blec1, BLB1, BLB2, DMA, and BF1 at seven locations (Table III) . All these were found within in a single or across two adjacent LR-PCR amplified segments and so the boundaries of the apparent conversion events are different from those of LR-PCR amplified segments. These findings were consistent with the allele sharing distribution suggested by the phylogenetic analyses (Fig. 2, Supplemental Fig. 1A) . The pair-wise diversity profiles also identified partial-allelic gene converted segments, which were not specified by the phylogenetic analyses. The partial-allelic gene conversions involved BG1, Blec2, Blec1, BRD2, DMB1 TAP2, and BF2 at a total of 22 distinct genomic positions (Table III) . Evidence supports a gene conversion event in at least 13 of the 14 Mhc-B haplotypes.
Discussion
This study illustrates the distinct advantage of utilizing the Mhc-B region in the study of the Mhc function. In addition to providing FIGURE 5. Phylogenetic tree for 14 Mhc-B haplotypes derived from the 57 kb region of aligned nucleotide sequences. The tree branches are labeled with the percentage support based on 1000 bootstrap replicates. The labeled horizontal bar represents the scale of the number of nucleotide substitutions per site along the branch lengths. Homologous balanced recombination events are shown as solid circles at the relevant nodes. B21 RJF is the wild-type red jungle fowl B21 genomic sequence using accession no. AB268588 (27) . 
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the possibility of understanding the relationship between Mhc genetic polymorphism and disease associations, the small size of the Mhc-B region and its simplicity make it possible to efficiently explore Mhc sequence diversity across multiple loci in many haplotypes. The 59 kb region in this study encompasses not only the entire array of B class I and class II␤ loci, but also other genes that contribute to immune responses including TAP1 and TAP2, DMA and DMB, Blec2 (the putative NK cell receptor), Blec1 (likely an activating receptor), and BG1 (a possible inhibitory receptor). As would be expected by the polymorphic nature of Mhc class I and class II genes, sequence diversity (expressed as %SNPs and dN/dS in Table I ) is biased to the regions found at or near the BLB1, BLB2, BF1, and BF2 loci supporting the likelihood of positive selection for diverse alleles. Other genes particular to the Mhc in the chicken, BG1, Blec2, and Blec1, are less polymorphic, but still contain non-synonymous SNPs providing significant dN/dS ratios and residue differences that could result in the functional capacity differences among haplotypes to support immune responses that affect disease susceptibility. Indeed, Blec2 has the highest dN/dS ratio of all 14 genes suggesting it is under strong positive selection. Genes providing the proteins required for normal assembly of peptides with Mhc class I and II (TAPBP, DMA, DMB1, DMB2, TAP1, and TAP2) and BRD2 have fewer coding region SNPs and reduced amino acid polymorphism, but nevertheless they do contain a few nonsynonymous SNPs including some that result in the incorporation of amino acids with different chemical characteristics. Since these loci may be under functional and structural constraints to limit diversity, allelic variants at these loci might, in particular, have significant functional consequences in immunity that result in differences in disease resistance. The extensive sequence data reported in this stud reveals the rich sequence diversity across Mhc-B and the need to have detailed sequence data for Mhc-B haplotypes in studies aimed at identifying genes providing disease resistance (30, 31) . Comparative analysis of the haplotype sequences has revealed several ways in which the rich sequence diversity within Mhc-B is introduced. The haplotypes of different phylogenetic ages helped greatly in resolving these different means. Haplotype diversity arises from single nucleotide mutations, indels, meiotic recombination, and gene conversion. While isolated SNPs provide evidence of diversity that is likely derived from mutational events, a large portion of Mhc-B diversity is generated by indels. Indels vary in size and appear both between and within genes. Allelic indel markers are present within the introns and exons of BG1, BLB1, DMB1, DMB2, BF1, TAP1, and TAP2 (Figs. 3 and 4) . Many of these are likely to have functional consequences. For example, although we did not encounter it in the B15 haplotype sequenced in this study, the largest indel that we are aware of is a 4-kb insert present in some B15 haplotypes (standard B15 haplotypes have been identified in several different populations using alloantisera in hemagglutination assays and hence B15 haplotypes from different populations may be different at the nucleotide level). The 4-kb insert is reported to disrupt the BF1*B15 locus leading to an absence of BF1*B15 at the cell surface (19) .
There is also evidence that indels may be under positive selection. A series of indels found within the BG1 coding region likely gives rise to functionally distinct alleles. A number of small exons encode the coiled-coil subregion within the cytoplasmic region of BG1 proteins. The number of exons for the coiled-coil region differs between alleles. Three variant forms of BG1 that differ in the number of coiled-coil exons as illustrated in Fig. 4A . Five alleles have a single quartet of exons. Eight have two quartets. Another allele has four. Further variation in BG1 is found in two alleles that lack the penultimate exon in which sequence for an ITIM is located. These discreet allelic differences suggest that BG1 is likely under diversifying selection. Although the function of the BG1 gene product is still unknown, BG1 has been identified as a candidate gene involved in affecting the onset of Marek's disease and tumor formation (Y. Wang, R. M. Goto and M. M. Miller, unpublished data). These differences provide substantial evidence that indels may have a role of Mhc-B in disease resistance.
Sequence diversity and phylogenetic analysis revealed that five of the fourteen haplotypes are closely related and apparently recently derived. The five haplotypes diverge through paths involving homologous recombination and gene conversion. As diagrammed in Fig. 6 , haplotypes B12 and B19 are nearly entirely identical across the entire region. They differ only at the TAP2 and BF2 loci likely as the result of crossing over within the boundary of the TAP2 gene between two divergent parent haplotypes. Localization of the breakpoint within TAP2 provides evidence that minimal essential Mhc region is not a privileged site free from recombination as suggested earlier (17) . Differences between B12 and B19 in Marek's disease, if they occur, might then be related to this small subregion.
The second group of closely-related haplotypes (B5, B6, B8, and B11 in Fig. 6 ) provides an example of the effect of the combined forces of recombination and gene conversion. Highly similar B8 and B11 haplotypes differ from closely related B5 apparently as the result of a crossing over event that occurred with an unidentified parental haplotype providing a common subregion in B8 and B11. Secondarily, B8 and B11 apparently diverged through gene conversions taking place at the BLB loci (see Supplemental Fig. 1A) . A further discrete gene conversion at BLB1 produced BLB1 identity between B8 and B6. Additional examples of whole and partial locus gene conversion (Table III) provide evidence that gene conversion is a substantial force introducing sequence diversity into Mhc-B. Evidence for gene conversion in the Mhc was previously limited to partial gene conversion events with single loci (18, 32) . Gene conversion in the Mhc may influence the degree of disease association among segregating sites, interrupt linkage disequilibrium within localized regions, and generate an exchange of small tracts or an entire locus of a chromosome, creating mosaic sequences within haplotypes. Such gene conversion events are difficult to estimate from limited nucleotide sequence data. There are relatively few population genetic data sets with sufficient sequence and sample number to provide information regarding the role of gene conversion within a single locus. We overcame this difficulty by collecting informative and reliable nucleotide sequence data that is appropriate for estimating the role of gene conversion. The work was made easier by having DNA from Mhc-B homozygous chickens and by directly sequencing long tracts of orthologous sequence that was amplified by LR-PCR. Mhc-B haplotypes provide sufficient sequence polymorphism and enough genes to identify conversion tract boundaries using a sliding window method for comparison.
This work shows that chicken Mhc-B haplotypes are not as stable as previously proposed (19) . Mhc haplotype diversity is generated by a variety of mutational forces. Some Mhc-B haplotypes are old, while others are apparently very recently derived. This study provides a framework for further analyses of Mhc infectious disease associations. With sufficient attention to detail it is likely that haplotypes can be selected that will allow classical genetics to define which elements within Mhc-B contribute to its significant influence in infectious disease resistance.
